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(54) MEMS DEVICE AND LIQUID EJECTING HEAD

(57) A MEMS device includes a plurality of movable
regions (35), wiring lines (37) extending along a first di-
rection (x) from the movable regions, and electrodes (41)
connected to the wiring lines. The electrodes include con-
nection regions (57) for connecting other electrode ter-
minals (40) to the connection regions. A plurality of the

connection regions are disposed along a second direc-
tion (y) intersecting the first direction. A distance (d1)
between centers of connection regions that are adjacent
in the second direction is longer than a distance (d2) be-
tween centers of movable regions that are adjacent in
the second direction.
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Description

BACKGROUND

1. Technical Field

[0001] The present invention relates to a MEMS device
used to eject liquid or the like and a liquid ejecting head,
and in particular, relates to a MEMS device provided with
plural movable regions and electrodes corresponding to
the movable regions, and a liquid ejecting head.

2. Related Art

[0002] Microelectromechanical systems (MEMS) de-
vices including plural movable regions have applications
in a variety of apparatuses (for example, liquid ejecting
apparatus, sensors, and the like). For example, a liquid
ejecting head, this being one type of MEMS device, is
provided with pressure chambers that have a portion
bounded by the movable regions described above, pie-
zoelectric elements that displace the movable regions,
nozzles that are in communication with the pressure
chambers, and the like. An image recording apparatus
such as an ink jet printer or an ink jet plotter is an example
of a liquid ejecting apparatus mounted with such a liquid
ejecting head. Recently, liquid ejecting heads have found
applications in various types of manufacturing appara-
tuses that utilize the ability to accurately land minute
amounts of liquid at specific positions. For example, liquid
ejecting heads have applications in display manufactur-
ing apparatuses that manufacture color filters for liquid
crystal displays or the like, electrode forming apparatus-
es that form electrodes for organic electroluminescent
(EL) displays, field emission displays (FEDs), and the
like, and chip manufacturing apparatuses that manufac-
ture biochips (biochemical elements). In the recording
heads of image recording apparatuses, liquid ink is eject-
ed. In colorant ejecting heads for display manufacturing
apparatuses, solutions of R (red), G (green), and B (blue)
colors are each ejected as respective types of liquid. In
electrode material ejecting heads for electrode forming
apparatuses, a liquid electrode material is ejected as one
type of liquid, and in bioorganic matter ejecting heads for
chip manufacturing apparatuses, a bioorganic matter so-
lution is ejected as one type of liquid.
[0003] In the liquid ejecting heads described above,
the piezoelectric elements are driven by voltages (elec-
trical signals) applied to the piezoelectric elements, and
configuration is such that pressure fluctuations in the liq-
uid inside the pressure chambers arise so as to eject
liquid from the nozzles. Here, wiring that is used to apply
voltages to the piezoelectric elements is laid out from the
piezoelectric elements toward the outside of the movable
regions, and the wiring is connected to a wiring substrate
through electrodes. Such electrodes are provided in a
row along the array direction of the piezoelectric ele-
ments (namely, the pressure chambers) with a pitch that

is the same as the array pitch of the piezoelectric ele-
ments. As described in JP-A-2009-056662, a configura-
tion is adopted in which the electrodes are arrayed above
the pressure chambers in the same arrangement as the
arrangement of the pressure chambers.
[0004] Accompanying an increase in nozzle density,
there is a trend to reduce the array pitch of electrodes
similarly to the array pitch of the piezoelectric elements.
Namely, there is a trend to move electrodes correspond-
ing to adjacent piezoelectric elements closer together.
As electrodes move closer together, there is a tendency
for shorting to occur between electrodes resulting from
electrical discharge, migration, or the like between the
electrodes. When such faults occur between electrodes,
liquid is not ejected from the nozzles as expected, and
the reliability of the liquid ejecting head is decreased.

SUMMARY

[0005] An advantage of some aspects of the invention
is that a MEMS device and a liquid ejecting head can
have high reliability.
[0006] A MEMS device according to an aspect of the
invention includes plural movable regions, wiring lines
extending along a first direction from the movable re-
gions, and electrodes connected to the wiring lines. The
electrodes include connection regions for connecting
other electrode terminals to the connection regions. Plu-
ral of the connection regions are disposed along a second
direction intersecting the first direction, and a distance
between centers of ones of the connection regions that
are adjacent in the second direction is longer than a dis-
tance between centers of ones of the movable regions
that are adjacent in the second direction.
[0007] According to this configuration, shorting be-
tween electrodes arising from electrical discharge, mi-
gration, or the like between the electrodes is suppressed,
even when the array pitch of piezoelectric elements
(namely, the distance between centers of piezoelectric
elements) has been reduced in order to dispose the noz-
zles at a high density. As a result, the reliability of the
liquid ejecting head is improved.
[0008] In the above configuration, it is preferable to pro-
vide plural connection region rows, respectively config-
ured from the connection regions having positions
aligned in the second direction, at differing positions in
the first direction.
[0009] According to this configuration, the arrange-
ment of the electrodes can be simplified.
[0010] Moreover, in the above configuration, it is pref-
erable that the movable regions, the wiring lines, and the
electrodes are provided to a first substrate, and that an
insulator sandwiched between the first substrate and a
second substrate provided with the other electrode ter-
minals is formed between ones of the connection region
rows that are adjacent in the first direction on the first
substrate.
[0011] According to this configuration, shorting be-
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tween electrodes resulting from electrical discharge, mi-
gration, or the like between the electrodes is suppressed
between the connection region rows.
[0012] Moreover, in the above configuration, it is pref-
erable that the contact region where the wiring lines and
the electrodes are connected together is covered by the
insulator.
[0013] According to this configuration, shorting be-
tween electrodes resulting from electrical discharge, mi-
gration, or the like between the electrodes is suppressed
in the contact region.
[0014] In the above configuration, it is preferable that
the distance between centers of ones of the connection
regions that are adjacent in the second direction is at
least twice the distance between centers of ones of the
movable regions that are adjacent in the second direc-
tion.
[0015] According to this configuration, shorting be-
tween electrodes resulting from electrical discharge, mi-
gration, or the like between the electrodes is further sup-
pressed.
[0016] A liquid ejecting head includes a MEMS device
configured as above. The MEMS device includes pres-
sure chambers that have at least a portion bounded by
the movable regions, piezoelectric elements that dis-
place the movable regions, and nozzles that are in com-
munication with the pressure chambers. The electrodes
are individual terminals that transmit a drive signal to the
piezoelectric elements through the wiring lines.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] Embodiments of the invention will now be de-
scribed by way of example only with reference to the
accompanying drawings, wherein like numbers refer-
ence like elements.

Fig. 1 is a perspective view illustrating configuration
of a printer.
Fig. 2 is a cross-section illustrating configuration of
a recording head.
Fig. 3 is an enlarged cross-section of portions of a
recording head.
Fig. 4 is an enlarged plan view of portions of a pres-
sure chamber formation substrate.
Fig. 5 is an enlarged plan view of portions of a sealing
plate.
Fig. 6 is an enlarged plan view of portions of a pres-
sure chamber formation substrate of a second em-
bodiment.

DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0018] Explanation follows regarding embodiments of
the invention, with reference to the accompanying draw-
ings. The embodiments described below include various
limitations as preferable specific examples of the inven-
tion. However, the scope of the invention is not limited

thereby unless specifically indicated to be so in the fol-
lowing explanation. Moreover, in the following, explana-
tion is given using the example of a liquid ejecting head,
this being one category of MEMS device, and in partic-
ular, an ink jet recording head (hereinafter, recording
head) 3, this being one type of liquid ejecting head. Fig.
1 is a perspective view of an ink jet printer (hereinafter,
printer) 1, this being one type of liquid ejecting apparatus
mounted with a recording head 3.
[0019] Printer 1 is an apparatus that ejects ink (one
type of liquid) onto the surface of a recording medium 2
such as recording paper (one type of landing target) to
record images or the like. The printer 1 includes a record-
ing head 3, a carriage 4 to which the recording head 3 is
attached, a carriage moving mechanism 5 that moves
the carriage 4 along a primary scanning direction, a trans-
port mechanism 6 that moves the recording medium 2
along a secondary scanning direction, and the like. The
ink is stored in an ink cartridge 7 that serves as a liquid
supply source. The ink cartridge 7 is detachably mounted
to the recording head 3. Note that configuration may be
made in which the ink cartridge is disposed on a main
body side of the printer, and ink is supplied from the ink
cartridge to the recording head through ink supply tubing.
[0020] The carriage moving mechanism 5 includes a
timing belt 8. The timing belt 8 is driven by a pulse motor
9 such as a DC motor. Accordingly, when the pulse motor
9 is actuated, the carriage 4 is guided along a guide rod
10 spanning across the printer 1, and moves back and
forth along the primary scanning direction (a width direc-
tion of the recording medium 2). The position of the car-
riage 4 in the primary scanning direction is detected by
a linear encoder (not illustrated in the drawings), this be-
ing one type of position information detector, and ob-
tained by a controller of the printer 1. The linear encoder
transmits detection signals, namely, encoder pulses (one
type of position information), to the controller of the printer
1.
[0021] Next, explanation is given regarding the record-
ing head 3. Fig. 2 is a cross-section illustrating configu-
ration of the recording head 3. Fig. 3 is an enlarged cross-
section of portions of the recording head 3. Note that for
convenience, the stacking direction of the various mem-
bers configuring an actuator unit 14 is described as the
up-down direction. As illustrated in Fig. 2, the recording
head 3 of the present embodiment is attached to a head
case 16 in a state in which the actuator unit 14 and a flow
path unit 15 are stacked.
[0022] The head case 16 is a box shaped member
made from synthetic resin, and liquid entry paths 18 that
supply ink to respective pressure chambers 30 are
formed inside the head case 16. The liquid entry paths
18, together with common liquid chambers 25, described
below, respectively configure spaces where ink common
to the plural pressure chambers 30 is stored. In the
present embodiment, two of the liquid entry paths 18 are
formed so as to correspond to the rows of the pressure
chambers 30, which are provided in two rows. A housing
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space 17 is formed at the lower face side of the head
case 16. The housing space 17 has a cuboid shape hol-
lowed out from a lower face of the head case 16 to part-
way along a height direction of the head case 16. When
the flow path unit 15, described below, is bonded to the
head case 16 in a state positioned at the lower face there-
of, the actuator unit 14 (pressure chamber formation sub-
strate 29, sealing plate 33, driving IC 34, and the like),
which is stacked on a communication substrate 24, is
configured so as to be housed inside the housing space
17.
[0023] The flow path unit 15 bonded to the lower face
of the head case 16 includes the communication sub-
strate 24 and a nozzle plate 21. The communication sub-
strate 24 is a substrate made of silicon (for example, a
monocrystalline silicon substrate) that configures an up-
per portion of the flow path unit 15. As illustrated in Fig.
2, the common liquid chambers 25 that are in communi-
cation with the liquid entry paths 18 and that store ink
common to the pressure chambers 30, individual com-
munication paths 26 that individually supply ink from the
liquid entry paths 18 to the pressure chambers 30 through
the common liquid chambers 25, and nozzle communi-
cation paths 27 that place the pressure chambers 30 and
nozzles 22 in communication with each other, are formed
in the communication substrate 24 by anisotropic etch-
ing. The common liquid chambers 25 are spaces elon-
gated in the nozzle row direction (corresponding to a sec-
ond direction of the invention), and are formed in two
rows so as to correspond to the rows of the pressure
chambers 30, which are provided in two rows.
[0024] The nozzle plate 21 is a substrate made of sil-
icon (for example, a monocrystalline silicon substrate)
that is bonded to a lower face of the communication sub-
strate 24 (the face on the opposite side to the pressure
chamber formation substrate 29). In the present embod-
iment, openings at the lower face side of the spaces form-
ing the common liquid chambers 25 are sealed off by the
nozzle plate 21. Plural of the nozzles 22 are also opened
in straight lines shapes (a row pattern) in the nozzle plate
21. In the present embodiment, nozzle rows are formed
in two rows so as to correspond to the rows of the pres-
sure chambers 30, which are formed in two rows. The
plural nozzles 22 provided in rows (nozzle rows) are pro-
vided at uniform intervals along the secondary scanning
direction orthogonal to the primary scanning direction
from one end side of the nozzles 22 to another end side
of the nozzles 22 with a pitch corresponding to a dot
formation density. Note that the nozzle plate can be bond-
ed to a region away from the common liquid chambers,
at the inside of the communication substrate, and open-
ings at the lower face side of the spaces forming the
common liquid chambers can be sealed off by a member
such as a flexible compliance sheet. Such a configuration
enables the nozzle plate to be as small as possible.
[0025] As illustrated in Fig. 2 and Fig. 3, the pressure
chamber formation substrate 29, a diaphragm 31, piezo-
electric elements 32, the sealing plate 33, and the driving

IC 34 of the actuator unit 14 of the present embodiment
are stacked so as to form a single unit. Note that the
actuator unit 14 is formed smaller than the housing space
17 such that the housing space 17 is capable of housing
the actuator unit 14.
[0026] The pressure chamber formation substrate 29
is a hard plate member made from silicon, and in the
present embodiment, is manufactured from a monocrys-
talline silicon substrate with surfaces (an upper face and
a lower face) having the crystal plane orientation of that
of a (110) plane. The pressure chamber formation sub-
strate 29 is anisotropic etched to completely remove por-
tions of the pressure chamber formation substrate 29 in
the plate thickness direction so as to provide plural spac-
es for forming the pressure chambers 30 in a row along
the nozzle row direction. These spaces are bounded from
below by the communication substrate 24, and bounded
from above by the diaphragm 31, thereby configuring the
pressure chambers 30. The spaces, namely, the pres-
sure chambers 30, are formed in two rows so as to cor-
respond to the nozzle rows, which are formed in two rows.
The pressure chambers 30 are spaces elongated in a
direction orthogonal to the nozzle row direction (corre-
sponding to a first direction of the invention). End portions
on one length direction side of the respective pressure
chambers 30 are in communication with the individual
communication paths 26, and end portions on the other
length direction side of the respective pressure chambers
30 are in communication with the nozzle communication
paths 27.
[0027] The diaphragm 31 is a thin film member with
elastic properties, and is stacked on an upper face of the
pressure chamber formation substrate 29 (the face on
the opposite side to the communication substrate 24
side). The diaphragm 31 seals off upper openings of the
spaces for forming the pressure chambers 30. In other
words, the pressure chambers 30 are bounded by the
diaphragm 31. Portions of the diaphragm 31 correspond-
ing to the pressure chambers 30 (specifically, the upper
openings of the pressure chambers 30) function as dis-
placement portions that are displaced in a direction mov-
ing away from, or in a direction approaching, the nozzles
22 accompanying flexural deformation of the piezoelec-
tric elements 32. Namely, regions of the diaphragm 31
corresponding to the upper openings of the pressure
chambers 30 configure driving regions 35 where flexural
deformation is permitted (corresponding to movable re-
gions of the invention). Regions of the diaphragm 31
away from the upper openings of the pressure chambers
30 configure non-driving regions 36 where flexural de-
formation is impeded.
[0028] Note that the diaphragm 31 is, for example, con-
figured from an elastic film composed of silicon dioxide
(SiO2) formed on the upper face of the pressure chamber
formation substrate 29 and an insulating film composed
of a zirconium oxide (ZrO2) formed on the elastic film.
The piezoelectric elements 32 are respectively stacked
on regions corresponding to each of the pressure cham-
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bers 30, namely, driving regions 35 on the insulating film
(the face on the opposite side to the pressure chamber
formation substrate 29 side of the diaphragm 31). The
piezoelectric elements 32 are formed in two rows along
the nozzle row direction so as to correspond to the pres-
sure chambers 30, which are provided in two rows along
the nozzle row direction. Note that the pressure chamber
formation substrate 29 and the diaphragm 31 stacked
thereon correspond to first substrates of the invention.
[0029] The piezoelectric elements 32 of the present
embodiment are what are known as flexural mode pie-
zoelectric elements. As illustrated in Fig. 3, the piezoe-
lectric elements 32 are, for example, configured by stack-
ing a lower electrode layer 37, a piezoelectric body layer
38, and an upper electrode layer 39 on the diaphragm
31 in that sequence. In the piezoelectric elements 32
configured in this manner, when an electric field is applied
between the upper electrode layer 39 and the lower elec-
trode layer 37 according to a potential difference between
the two electrodes, the piezoelectric elements 32 under-
go flexural deformation in a direction moving away from,
or a direction approaching, the nozzles 22. In the present
embodiment, each lower electrode layer 37 is an individ-
ual electrode independently formed for each piezoelec-
tric element 32, and the upper electrode layer 39 is a
common electrode formed so as to span continuously
across plural of the piezoelectric elements 32. Namely,
a lower electrode layer 37 and a piezoelectric body layer
38 are formed for each pressure chamber 30. In contrast
thereto, the upper electrode layer 39 is formed spanning
plural of the pressure chambers 30. Note that the lower
electrode layers (namely, the electrode layer of the lower
layer) may be configured as the common electrode, and
the upper electrode layers (namely, electrode layers of
the upper layer) may be configured as the individual elec-
trodes depending on the particular driving circuitry or wir-
ing.
[0030] As illustrated in Fig. 3, an end portion of each
lower electrode layer 37 at one side (an outer side of the
pressure chamber formation substrate 29) is provided
extending from a region configuring the respective pie-
zoelectric element 32 (namely, the region where the pi-
ezoelectric body layer 38 and the upper electrode layer
39 overlap) toward the outside (the end portion side of
the pressure chamber formation substrate 29) along a
direction orthogonal to the nozzle row direction, and is
connected to an individual terminal 41 (corresponding to
an electrode of the invention) configured from a metal
layer 44. A bump electrode 40 (corresponding to an elec-
trode terminal of the invention), described below, is con-
nected to each individual terminal 41. Note that details
relating to the configuration of the lower electrode layers
37, the individual terminals 41, the bump electrodes 40,
and so on are given below. An end portion of the upper
electrode layer 39 at another side (an inner side of the
pressure chamber formation substrate 29), is provided
extending from the region configuring the piezoelectric
elements 32 to the non-driving region 36 between the

rows of the piezoelectric elements 32. In the present em-
bodiment, the upper electrode layer 39 provided extend-
ing from the row of piezoelectric elements 32 at the one
side, and the upper electrode layer 39 provided extending
from the row of piezoelectric elements 32 at the other
side, are connected together at the non-driving region 36
between the rows of the piezoelectric elements 32 (not
illustrated in the drawings). Namely, a common upper
electrode layer 39 is formed to the piezoelectric elements
32 on both sides of the non-driving region 36 between
the rows of the piezoelectric elements 32. As illustrated
in Fig. 2, common terminals 42 configured from the metal
layers 44 are stacked on the upper electrode layer 39,
and the upper electrode layer 39 is connected to bump
electrodes 40 through the common terminals 42.
[0031] Note that, as illustrated in Fig. 3, the metal layers
44 are stacked on both length direction (a direction or-
thogonal to the nozzle row direction) end portions of the
piezoelectric elements 32. Specifically, the metal layers
44 are stacked on the upper electrode layer 39 so as to
straddle the boundary between the driving regions 35
and the non-driving regions 36. Excessive deformation
at both end portions of the piezoelectric elements 32 can
thereby be suppressed, and damage to the piezoelectric
body layer 38 or the like at the boundary between the
driving regions 35 and the non-driving regions 36 can be
suppressed. Note that various metals, such as iridium
(Ir), platinum (Pt), titanium (Ti), tungsten (W), nickel (Ni),
palladium (Pd), and gold (Au), alloys of these metals, and
alloys such as LaNiO3, or the like, may be employed as
the lower electrode layers 37 and the upper electrode
layer 39 described above. A ferroelectric and piezoelec-
tric material such as lead zirconate titanate (PZT), a re-
laxor ferroelectric having a metal additive such as nio-
bium (Nb), nickel (Ni), magnesium (Mg), bismuth (Bi), or
yttrium (Y), or the like may be employed as the piezoe-
lectric body layer 38. A non-ferrous material such as bar-
ium titanate may also be employed. Moreover, a member
in which gold (Au), copper (Cu), or the like has been
stacked on an adhesion layer configured from titanium
(Ti), nickel (Ni), chromium (Cr), tungsten (W), an alloy of
these metals, or the like, may be employed as the metal
layers 44.
[0032] As illustrated in Fig. 2 and Fig. 3, the sealing
plate 33 (corresponding to a second substrate of the in-
vention), is a flat plate shaped silicon substrate that is
disposed spaced apart from the piezoelectric elements
32 in a state in which an insulating adhesive 43 (corre-
sponding to an insulator of the invention) is interposed
between the sealing plate 33 and the diaphragm 31. In
the present embodiment, the sealing plate 33 is manu-
factured from a monocrystalline silicon substrate with
surfaces (an upper face and a lower face) having the
crystal plane orientation of that of a (110) plane. Plural
bump electrodes 40 that output drive signals from the
driving IC 34 to the piezoelectric elements 32 side are
formed at the lower face (the face on the pressure cham-
ber formation substrate 29 side) of the sealing plate 33
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of the present embodiment. As illustrated in Fig. 2, the
plural bump electrodes 40 are respectively formed along
the nozzle row direction, at positions corresponding to
ones of the individual terminals 41 formed to the outside
of one of the piezoelectric elements 32, at positions cor-
responding to others of the individual terminals 41 formed
to the outside of others of the piezoelectric elements 32,
and at a positions corresponding to the common termi-
nals 42 formed between the two rows of the piezoelectric
elements 32. Each of the bump electrodes 40 is connect-
ed to the respectively corresponding lower electrode lay-
er 37 or the upper electrode layer 39.
[0033] Note that in the present embodiment, a photo-
sensitive adhesive is employed as the adhesive 43 that
adheres (bonds) the sealing plate 33 and the pressure
chamber formation substrate 29 together. For example,
a resin having an epoxy resin, an acrylic resin, a phenol
resin, a polyimide resin, a silicone resin, a styrene resin,
or the like as its primary component may be suitably em-
ployed as the adhesive 43. The adhesive 43 adheres the
pressure chamber formation substrate 29, upon which
the diaphragm 31 and the like are stacked, and the seal-
ing plate 33 together in a state in which the pressure
chamber formation substrate 29 and the sealing plate 33
are spaced apart. Part of the adhesive 43 in the present
embodiment is formed enclosing the plural piezoelectric
elements 32. Namely, the piezoelectric elements 32 are
sealed off within a space enclosed by the pressure cham-
ber formation substrate 29, the sealing plate 33, and the
adhesive 43.
[0034] The bump electrodes 40 of the present embod-
iment have elastic properties and project from the surface
of the sealing plate 33 toward the diaphragm 31 side.
Specifically, as illustrated in Fig. 3, the bump electrodes
40 each include elastic internal resin 40a and a conduc-
tive film 40b configured by a lower face side wiring line
47 covering the surface of at least part of the internal
resin 40a. The internal resins 40a are formed along the
nozzle row direction projecting out from the surface of
the sealing plate 33. Plural of the conductive films 40b,
which have electrical continuity with the lower electrode
layers 37 (individual terminals 41), are formed along the
nozzle row direction so as to correspond to the piezoe-
lectric elements 32 provided in rows along the nozzle row
direction. The conductive films 40b respectively extend
from over the internal resins 40a to either one of the pi-
ezoelectric elements 32 side or the side opposite to the
piezoelectric elements 32 side so as to form the lower
face side wiring lines 47. Each end portion of the lower
face side wiring lines 47 on the opposite side to the bump
electrodes 40 is connected to a penetrating wiring line
45. Note that, an elastic resin configured from a polyimide
resin, a phenol resin, an epoxy resin, or the like, may be
employed as the internal resins 40a. A metal configured
from gold (Au), titanium (Ti), aluminum (Al), chromium
(Cr), nickel (Ni), copper (Cu), or alloys of these metals,
for example, may be employed as the conductive films
40b.

[0035] The penetrating wiring lines 45 are wiring lines
relaying between the lower face and the upper face of
the sealing plate 33, and are configured from a conductor
such as metal formed inside penetrating holes that pen-
etrate the sealing plate 33 in its thickness direction. Ex-
posed lower face side portions of the penetrating wiring
lines 45 are covered by the corresponding lower face
side wiring lines 47. Exposed upper face side portions of
the penetrating wiring lines 45 are covered by the corre-
sponding upper face side wiring lines 46. The upper face
side wiring lines 46 extend from the penetrating wiring
lines 45 to an IC connection terminals 50 connected to
IC terminals 51 of the driving IC 34, and connect the
penetrating wiring lines 45 and the IC connection termi-
nals 50 together. Namely, the IC connection terminals
50 and the bump electrodes 40 are connected by a series
of wiring configured from the upper face side wiring lines
46, the penetrating wiring lines 45, and the lower face
side wiring lines 47. Note that details relating to the con-
figuration of the wiring from the bump electrodes 40 con-
nected to the individual terminals 41 to the corresponding
IC connection terminals 50 are given below.
[0036] The driving IC 34 is an IC chip for driving the
piezoelectric elements 32, and is stacked on the upper
face of the sealing plate 33 with an adhesive 54 such as
an anisotropic conductive film (ACF) interposed there-
between. As illustrated in Fig. 2, plural of the IC terminals
51 where the IC connection terminals 50 are connected
are formed at the lower face (the face on the sealing plate
33 side) of the driving IC 34. From out of the IC terminals
51, the plural IC terminals 51 corresponding to the indi-
vidual terminals 41 are provided in rows in the nozzle
row direction. In the present embodiment, the IC termi-
nals 51 are formed in two rows so as to correspond to
the row of the piezoelectric elements 32, which are pro-
vided in two rows. Note that, the array pitch of the IC
terminals 51 in the rows of the IC terminals 51 (namely,
the distance between centers of adjacent IC terminals
51) is formed smaller than the array pitch of the piezoe-
lectric elements 32.
[0037] The recording head 3 formed as described
above introduces ink from the ink cartridge 7 to the pres-
sure chambers 30 through the liquid introduction paths
18, the common liquid chambers 25, the individual com-
munication paths 26, and the like. In this state, when
drive signals from the driving IC 34 are supplied to the
piezoelectric elements 32 through the bump electrodes
40 and so on, the piezoelectric elements 32 are driven
and pressure fluctuations arise in the ink inside the pres-
sure chambers 30. These pressure fluctuations are uti-
lized such that the recording head 3 ejects ink from the
nozzles 22.
[0038] Next, detailed explanation is given regarding
configuration of the lower electrode layers 37, the indi-
vidual terminals 41, the bump electrodes 40, and the like.
Fig. 4 is a plan view of the pressure chamber formation
substrate 29 as viewed from above (the sealing plate 33
side). Fig. 5 is a plan view of the sealing plate 33 as
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viewed from above (the driving IC 34 side). Note that in
the following, the direction intersecting the nozzle row
direction (orthogonal to, in the present embodiment) is
described as a first direction x, and the nozzle row direc-
tion is described as a second direction y.
[0039] As described above, a lower electrode layer 37
is individually formed for each piezoelectric element 32.
As illustrated in Fig. 3 and Fig. 4, each lower electrode
layer 37 is provided extending along the first direction x
from the driving regions 35 to the non-driving regions 36
at end portion sides of the pressure chamber formation
substrate 29. Note that portions of the lower electrode
layers 37 that are stacked on the non-driving regions 36
correspond to wiring lines of the invention. As illustrated
in Fig. 3 and Fig. 4, the piezoelectric body layer 38 of the
present embodiment extend from regions corresponding
to the piezoelectric elements 32 (driving regions 35) to
the non-driving regions 36 that are further to the outside
than the one side end of the lower electrode layer 37 (the
opposite side to the piezoelectric elements 32). Note that
in the second direction y, both ends of the piezoelectric
body layer 38 extend further to the outside than regions
where the piezoelectric elements 32 are provided in rows.
The non-driving region 36 between the piezoelectric el-
ements 32 forms piezoelectric body openings 55 where
the piezoelectric body layer 38 has been removed.
Namely, the piezoelectric body layer 38 is divided into
the respective piezoelectric elements 32 by the piezoe-
lectric body openings 55.
[0040] A region that overlaps with end portions on the
one side of the lower electrode layers 37, and that is a
region removed from a region where the piezoelectric
elements 32 are provided in rows to the outside in the
first direction x, forms a contact region 56 where the lower
electrode layers 37 are exposed from the piezoelectric
body layer 38. Namely, the contact region 56 is a region
where the piezoelectric body layer 38 is removed such
that no piezoelectric body layer 38 is stacked on the lower
electrode layer 37. The contact region 56 of the present
embodiment is formed in a slit shape along the second
direction y. Plural of the lower electrode layers 37 corre-
sponding to respective piezoelectric elements 32 are ex-
posed at the contact region 56. The upper electrode layer
39 and the metal layers 44 are stacked on the exposed
portions of the lower electrode layers 37. The upper elec-
trode layer 39 and the metal layers 44 configure individual
terminals 41 individually formed for each lower electrode
layer 37. Specifically, as illustrated in Fig. 4, the upper
electrode layer 39 forming the individual terminals 41 is
formed in a rectangular shape so as to cover the exposed
lower electrode layers 37. A dimension of the upper elec-
trode layer 39 in the first direction x is formed larger than
a dimension of the contact region 56 in the first direction
x. Additionally, a dimension of the upper electrode layer
39 in the second direction y is formed larger than a di-
mension of the lower electrode layers 37 in the second
direction y.
[0041] The metal layers 44 forming the individual ter-

minals 41 are formed so as to cover the upper electrode
layer 39. As illustrated in Fig. 3 and Fig. 4, each metal
layer 44 extends along the first direction x from the region
overlapping the upper electrode layer 39 to above at least
one piezoelectric body layer 38 out of the piezoelectric
body layers 38 formed on both first direction x sides of
the contact region 56. Specifically, metal layers 44 that
are adjacent in the second direction y extend from the
region overlapping the upper electrode layer 39 in oppo-
site directions to each other along the first direction x.
The bump electrodes 40 are connected to the metal lay-
ers 44 stacked on the piezoelectric body layers 38.
Namely, the regions where the bump electrodes 40 are
connected form connection regions 57 of the invention.
Note that the connection regions 57 are indicated by
dashed lines in Fig. 4. As illustrated in Fig. 4, plural of
the connection regions 57 are disposed in a zig-zag
shape along the second direction y (in a state spaced
apart from each other and alternatingly disposed to the
left and right on progression along an array direction).
Namely, the connection regions 57 corresponding to ad-
jacent piezoelectric elements 32 are disposed having dif-
fering positions in the first direction x.
[0042] In the present embodiment, a connection region
row 58a configured from plural of the connection regions
57 aligned in a second direction y in a region on one side
(the opposite side to the piezoelectric elements 32) of
the contact regions 56 form one row, and a connection
region row 58b configured from plural of the connection
regions 57 aligned in the second direction y in a region
on the other side (the piezoelectric elements 32 side) of
the contact region 56 form one row. Namely, two rows
of the connection region rows 58 are formed. Thus, the
number of the connection regions 57 included in one of
the connection region rows 58 is half of the number of
the piezoelectric elements 32. Accordingly, the array
pitch of the connection regions 57 included in one of the
connection region rows 58 (namely, a distance d1 be-
tween centers of connection regions 57 that are adjacent
in the second direction y) is twice the array pitch of the
driving regions 35 (namely, a distance d2 between cent-
ers of driving regions 35 that are adjacent in the second
direction y). In other words, the array pitch of the con-
nection regions 57 included in a connection region row
58 is twice the array pitch of the piezoelectric elements
32, the lower electrode layers 37, or the nozzles 22.
[0043] The adhesive 43 that adheres the pressure
chamber formation substrate 29 and the sealing plate 33
together is disposed between the connection region row
58a on the one side and the connection region row 58b
on the other side. Namely, the connection region row 58a
on the one side and the connection region row 58b on
the other side are separated from each other by the ad-
hesive 43 sandwiched between the pressure chamber
formation substrate 29 and the sealing plate 33. In par-
ticular, in the present embodiment, as illustrated in Fig.
3 and Fig. 4, the contact region 56, this being a region
where the lower electrode layers 37 and the metal layers
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44 forming the individual terminals 41 are connected to-
gether, is covered by the adhesive 43. More specifically,
the adhesive 43 covering the contact region 56 extends
along the second direction y further to the outside than
the contact region 56. Additionally, also a dimension of
the adhesive 43 in the first direction x is formed larger
than a dimension of the contact region 56 in the first di-
rection x. Note that the adhesive 43 is disposed at both
the outside of the connection region rows 58a on the one
side (the opposite side to the piezoelectric elements 32)
and the inside of the connection region rows 58b on the
other side (the piezoelectric elements 32 side). As illus-
trated in Fig. 3 and Fig. 4, the adhesive 43 disposed at
the outside of the connection region row 58a on the one
side extends along the first direction x from a position
overlapping an end portion on the one side of the piezo-
electric body layers 38 to an end portion of the pressure
chamber formation substrate 29. The adhesive 43 dis-
posed at the outside of the connection region rows 58a
on the one side is an adhesive that adheres to the outer
periphery of the pressure chamber formation substrate
29. The adhesive 43 disposed at the inside of the con-
nection region rows 58b on the other side extends along
the first direction x from a position overlapping an end
portion on the one side of the pressure chambers 30 (driv-
ing regions 35) to the non-driving region 36 between the
pressure chambers 30 and the connection region rows
58 on the other side. Both of the adhesives 43 extend
along the second direction y.
[0044] Shorting between the individual terminals 41
arising from electrical discharge, migration, or the like
between the individual terminals 41 is thereby sup-
pressed due to the distance d1 between centers of con-
nection regions 57 that are adjacent in the second direc-
tion y being longer than the distance d2 between centers
of driving regions 35 that are adjacent in the second di-
rection y. Namely, as the distance between the connec-
tion regions 57 is lengthened, the strength of the electric
field between connection regions 57 can be reduced, and
the likelihood of shorting is reduced, even when a poten-
tial difference has arisen between connection regions 57.
As a result, the reliability of the recording head 3 is im-
proved. Moreover, as the array pitch of the piezoelectric
elements 32 can be reduced, the nozzles 22 can be dis-
posed at a higher density. This enables a recording head
3 compatible with higher image quality to be manufac-
tured. Moreover, since the connection region rows 58 are
disposed in two rows having differing positions in the first
direction x, the arrangement of the individual terminals
41 is simplified. Moreover, since the adhesive 43 is dis-
posed between the connection region rows 58, shorting
between electrodes resulting from electrical discharge,
migration, or the like between the electrodes is sup-
pressed between the connection region rows 58. In other
words, shorting between electrodes resulting from elec-
trical discharge, migration, or the like between the elec-
trodes is suppressed between the connection regions 57
corresponding to adjacent piezoelectric elements 32.

Namely, the adhesive 43 enables the conductivity be-
tween connection regions 57 and corresponding, adja-
cent piezoelectric elements 32 to be increased and en-
ables the strength of the electric field between the con-
nection regions 57 to be reduced. In the present embod-
iment, shorting between electrodes resulting from elec-
trical discharge, migration, or the like between the elec-
trodes is suppressed in the contact region 56 due to the
contact region 56 being covered by the adhesive 43. Ac-
cordingly, as there is no need to dispose the contact re-
gion 56 in a zig-zag (with plural provided spaced apart
from each other in alternating rows to the left and right)
such as for the connection regions 57, the configuration
is simplified even further. Moreover, as distances from
the driving regions 35 of the lower electrode layers 37 to
the contact region 56 can be made uniform, namely, as
the wiring length can be made uniform, the voltage re-
sponse characteristics of the piezoelectric elements 32
can be made uniform.
[0045] In accordance with the connection regions 57
disposed in a zig-zag, the bump electrodes 40 of the seal-
ing plate 33 connected to the individual terminals 41 are
also disposed in a zig-zag. Specifically, as illustrated in
Fig. 5, internal resins 40a are respectively formed along
the second direction y at positions corresponding to the
connection region row 58 on the one side and at positions
corresponding to the connection region row 58 on the
other side. The conductive films 40b are disposed in a
zig-zag in accordance with the connection regions 57.
Namely, the conductive films 40b corresponding to ad-
jacent IC connection terminals 50 are separated into that
for an internal resin 40a at the one side and an internal
resin 40a at the other side, and respectively stacked ther-
eon. The bump electrodes 40 corresponding to adjacent
IC connection terminals 50 are thereby disposed at dif-
fering positions in the first direction x.
[0046] Note that as the array pitch of the IC connection
terminals 50 (namely, the array pitch of the IC terminals
51) of the present embodiment is formed smaller than
the array pitch of the piezoelectric elements 32 (namely,
half of the array pitch of the connection regions 57), pitch
conversion is carried out by wiring (the upper face side
wiring lines 46 or the lower face side wiring lines 47) that
links together the IC connection terminals 50 and the
bump electrodes 40. Specifically, the lower face side wir-
ing lines 47 forming the conductive films 40b stacked on
the internal resins 40a on the one side (the left side in
Fig. 5) extend along the first direction x to the penetrating
wiring lines 45 formed further to the outside (the opposite
side to the piezoelectric elements 32) than the internal
resins 40a. The upper face side wiring lines 46 extending
from the penetrating wiring lines 45 extend to the IC con-
nection terminals 50 with an inclination angle in accord-
ance with this position. In contrast thereto, the lower face
side wiring lines 47 forming the conductive films 40b
stacked on the internal resins 40a at the other side extend
to the penetrating wiring lines 45 formed further to the
inside (the piezoelectric elements 32 side) than the in-
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ternal resin 40a, with an inclination angle in accordance
with the positions thereof. The upper face side wiring
lines 46 extending from the penetrating wiring lines 45
extend along the first direction x to the IC connection
terminals 50. Performing pitch conversion in such a man-
ner enables the array pitch of the IC terminals 51 to be
shortened, consequently enabling the driving IC 34 to be
made more compact.
[0047] Although two rows of the connection region
rows 58 are formed in the first embodiment above, and
the array pitch of the connection regions 57’ included in
one of the connection region rows 58 is formed at twice
the array pitch of the driving regions 35, there is no lim-
itation thereto. For example, in a second embodiment
illustrated in Fig. 6, three rows of connection region rows
58’ are formed, and the array pitch of connection regions
57’ included in one of the connection region rows 58’ is
formed at three times the array pitch of the driving regions
35.
[0048] Specifically, contact regions 56’ of the present
embodiment are formed in two rows having differing po-
sitions in the first direction x, in the non-driving regions
36 set off to the outside of the driving regions 35 along
the first direction x. Namely, a contact region 56’ is formed
in one row to the outside in the first direction x (the op-
posite side to the piezoelectric elements 32), and a con-
tact regions 56’ is formed in one row to the inside in the
first direction x (the piezoelectric elements 32 side). End
portions on one side of lower electrode layers 37’ extend
to either one of the contact regions 56’, and are exposed
from between piezoelectric body layers 38’. In the
present embodiment, one of the lower electrode layers
37’ extending to the outside contact region 56’ and two
lower electrode layers 37’ extending to the inside contact
region 56’ are alternatingly formed in rows in the second
direction y. In other words, every third member is a lower
electrode layer 37’ disposed extending to the outside
contact region 56’. The upper electrode layer 39’ and the
metal layers 44’ are stacked on portions that are exposed
from between the piezoelectric body layers 38’ at end
portions of the lower electrode layers 37’. Note that the
lower electrode layers 37’ extending to the outside con-
tact region 56’ straddle the inside contact region 56’, and
so portions of the lower electrode layers 37’ partway
along the extension direction thereof are exposed from
between the piezoelectric body layers 38’. The upper
electrode layer 39’ is stacked on the portions of the lower
electrode layers 37’ exposed to the inside contact region
56’ such that the lower electrode layers 37’ are protected
from over etching.
[0049] Similarly to the first embodiment, the upper
electrode layer 39’ formed on the contact regions 56’ is
formed in a rectangular shape so as to cover the exposed
lower electrode layers 37’. The metal layers 44’ forming
the individual terminals 41’ are formed so as to cover the
upper electrode layer 39’ stacked on the end portions of
the lower electrode layers 37’. As illustrated in Fig. 6, the
metal layers 44’ extend from a region overlapping the

upper electrode layer 39’ to one of three regions sepa-
rated in the first direction x by the two contact regions 56’
rows. Specifically, the metal layers 44’ stacked on the
inside contact region 56’ extend to the region between
the inside contact region 56’ and the outside contact re-
gion 56’, or to the region between the inside contact re-
gion 56’ and the driving regions 35. Similarly to the first
embodiment, the metal layers 44’ stacked on the inside
contact region 56’ that are adjacent in the second direc-
tion y extend from the region overlapping the upper elec-
trode layer 39’ in opposite directions to each other along
the first direction x. The metal layers 44’ stacked on the
outside contact region 56’ extend to a region further to
the outside than the outside contact region 56’. Bump
electrodes are connected to the metal layers 44’ extend-
ing to these regions. Namely, connection regions 57’ con-
nected to the bump electrodes are formed to extension
portions of the metal layers 44’. Note that the connection
regions 57’ are represented by a dashed line in Fig. 6.
[0050] By disposing the metal layers 44’ as described
above, the connection regions 57’ corresponding to ad-
jacent piezoelectric elements 32 are disposed with dif-
fering positions in the first direction x in the present em-
bodiment. Specifically, connection region rows 58’ form-
ing the plural connection regions 57’ having positions
aligned in the second direction y are respectively formed
to the region further to the outside than the outside con-
tact region 56’, to the region between the inside contact
region 56’ and the outside contact region 56’, and to the
region between the inside contact region 56’ and the driv-
ing regions 35. As the connection region rows 58’ are
thus formed in three rows, the array pitch of the connec-
tion regions 57’ included in one of the connection region
rows 58’ (namely, a distance d1’ between centers of con-
nection regions 57’ that are adjacent in the second direc-
tion y) is three times the array pitch of the driving regions
35 (namely, a distance d2’ between centers of driving
regions 35 that are adjacent in the second direction y).
In other words, the array pitch of the connection regions
57’ included in the connection region rows 58’ is three
times the array pitch of the piezoelectric elements 32,
the lower electrode layers 37’, or the nozzles 22. In the
present embodiment, the adhesive 43’ is disposed so as
to cover each of the contact regions 56’. The respective
regions where the connection region rows 58’ are dis-
posed are separated from each other by the adhesive
43’. Namely, the connection region rows 58’ are respec-
tively separated by the adhesive 43’. Note that although
not illustrated in the drawings, the bump electrodes are
arranged similarly to the connection regions. Namely, the
internal resins are formed in three rows so as to corre-
spond to the connection region rows 58’, and a conduc-
tive film is stacked on the internal resins at positions cor-
responding to the respective connection regions. As the
wiring from the bump electrodes to the IC connection
terminals can be designed as appropriate, explanation
thereof is omitted. Other configuration is substantially the
same as the above embodiment, and so explanation
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thereof is also omitted.
[0051] Note that the connection region rows are not
limited to being two rows or three rows, and the connec-
tion regions can be provided with plural additional rows.
The array pitch of the connection region can also be fur-
ther increased in accordance with the number of connec-
tion region rows. Additionally, the extension direction of
the lower electrode layers 37 and the extension direction
of the connection region rows 58 (the array direction of
the connection regions 57), may be non-orthogonal.
Namely, the relationship between the first direction x and
the second direction y is not limited to being orthogonal.
Although an example has been given above in which the
bump electrodes 40 including internal resins 40a serve
as electrode terminals connected to the connection re-
gions 57, there is no limitation thereto. Metal bump elec-
trodes or the like configured solely from metal that does
not include resin internally can be adopted. Moreover,
although an example has been given of configuration in
which the sealing plate 33 is provided with the driving IC
34, wiring (the penetrating wiring lines 45, the upper face
side wiring lines 46, the lower face side wiring lines 47,
and the like), electrode terminals (the bump electrodes
40), and the like, and the bump electrodes 40 are con-
nected to the connection regions 57, there is no limitation
thereto. Configuration can be adopted in which a wiring
substrate such as a flexible printed circuit (FPC) including
a driving IC is provided separately from a sealing plate,
and electrode terminals of the wiring substrate connect
to a connection region. Additionally, the contact region
is not limited to a slit shape formed spanning plural indi-
vidual terminals, and may be formed for each individual
terminal.
[0052] Moreover, although an example has been given
above in which what are known as flexural oscillation
type piezoelectric elements 32 serve as actuators for
driving the driving regions 35, there is no limitation there-
to. For example, various actuators such as what is known
as a longitudinal oscillation type piezoelectric elements,
heating elements, electrostatic actuators that use elec-
trostatic force to vary the capacity of pressure chambers,
can be adopted. Moreover, although an example has
been given of configuration in which the driving regions
35, these being one type of movable regions, are dis-
placed by driving the piezoelectric elements 32 such that
ink, this being one type of liquid, is ejected from the noz-
zles 22, there is no limitation thereto. The invention can
be applied to any MEMS device that includes a movable
region and wiring extending from the movable region.
For example, the invention can be applied to sensors that
detect pressure changes, vibration, displacement, or the
like in movable regions.
[0053] Although explanation has been given above re-
garding an example in which an ink jet recording head 3
serves as a liquid ejecting head, the invention can be
applied to other liquid ejecting heads that include pres-
sure chambers bounded by movable regions (driving re-
gions). For example, the invention can be applied to col-

orant ejecting heads employed in the manufacture of
color filters for liquid crystal displays or the like, electrode
material ejecting heads employed to form electrodes of
organic electroluminescent (EL) displays, field emission
displays (FEDs), or the like, bioorganic matter ejecting
heads employed in the manufacture of biochips (bio-
chemical elements), and the like. In colorant ejecting
heads for display manufacturing apparatuses, solutions
of R (red), G (green), and B (blue) colors are each ejected
as respective types of liquid. In electrode material eject-
ing heads for electrode forming apparatuses, a liquid
electrode material is ejected as one type of liquid, and in
bioorganic matter ejecting heads for chip manufacturing
apparatuses, a bioorganic matter solution is ejected as
one type of liquid.
[0054] The foregoing description has been given by
way of example only and it will be appreciated by a person
skilled in the art that modifications can be made without
departing from the scope of the present invention as de-
fined by the claims.

Claims

1. A MEMS device (14), comprising:

a plurality of movable regions (35);
wiring lines (37) extending along a first direction
(x) from the movable regions; and
electrodes (41) connected to the wiring lines,
the electrodes including connection regions (57)
for connecting other electrode terminals (40)
thereto,
a plurality of the connection regions being dis-
posed along a second direction (y) intersecting
the first direction, and
a distance (d1) between centers of ones of the
connection regions that are adjacent in the sec-
ond direction being longer than a distance (d2)
between centers of ones of the movable regions
that are adjacent in the second direction.

2. The MEMS device according to Claim 1, wherein:

a plurality of connection region rows (58), re-
spectively configured from a plurality of the con-
nection regions (57) having positions aligned in
the second direction (y), are provided at differing
positions in the first direction (x).

3. The MEMS device according to Claim 2, wherein:

the movable regions, the wiring lines, and the
electrodes are provided to a first substrate (29);
and
an insulator (43) sandwiched between the first
substrate and a second substrate (33) provided
with the other electrode terminals (40) is formed
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between ones of the connection region rows that
are adjacent in the first direction on the first sub-
strate.

4. The MEMS device according to Claim 3, wherein:

a contact region (56) where the wiring lines and
the electrodes are connected together is cov-
ered by the insulator.

5. The MEMS device according to any one of the pre-
ceding claims, wherein:

the distance (d1) between centers of ones of the
connection regions (57) that are adjacent in the
second direction (y) is at least twice the distance
(d2) between centers of ones of the movable
regions (35) that are adjacent in the second di-
rection.

6. A liquid ejecting head comprising the MEMS device
according to any one of the preceding claims, where-
in:

the MEMS device includes pressure chambers
(30) that have at least a portion bounded by the
movable regions, piezoelectric elements (32)
that are configured to displace the movable re-
gions, and nozzles (22) that are in communica-
tion with the pressure chambers; and
the electrodes are individual terminals that are
configured to transmit a drive signal to the pie-
zoelectric elements through the wiring lines.

19 20 



EP 3 213 921 A1

12



EP 3 213 921 A1

13



EP 3 213 921 A1

14



EP 3 213 921 A1

15



EP 3 213 921 A1

16



EP 3 213 921 A1

17



EP 3 213 921 A1

18

5

10

15

20

25

30

35

40

45

50

55



EP 3 213 921 A1

19

5

10

15

20

25

30

35

40

45

50

55



EP 3 213 921 A1

20

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• JP 2009056662 A [0003]


	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

